This paper is concerned with a study of thresholds of critical flicker fusion frequency (C.F.F.) of a light stimulus in patients suffering from multiple sclerosis. The capacity of normal human vision to appreciate the intermittency of rapidly repeated light stimuli is a function of great physiological interest, and it may be impaired by disease at many sites in the visual pathway.
Thus Parsons and Miller (1957) examined cases of multiple sclerosis on the hypothesis that general damage within the central nervous system might be responsible for depressing critical flicker fusion frequency. However, they found the C.F.F. so frequently impaired in their group that they were forced to conclude that retrobulbar neuritis must play a part in damaging its perceptual mechanism. They noted a correlation with pallor of the discs but did not observe cases during the course of retrobulbar neuritis. They suggested the potential value of C.F.F. estimation as a diagnostic test. These observations showed such a striking difference between cases of multiple sclerosis and controls that it appeared profitable to validate them for estimations made with different apparatus, and if possible to confirm their conclusion that depression of C.F.F. was related to the occurrence of retrobulbar neuritis. The relation between C.F.F. and visual acuity and the visual fields in multiple sclerosis is also of considerable interest. Kurachi and Yonemura (1956) investigated four cases of retrobulbar neuritis and demonstrated the slower rate at which the flickering light was fused subjectively.
Most of the work on flicker fusion has been carried out by ophthalmologists but psychiatrists have also taken an interest in the subject in relation to its impairment in organic psychosis. Phillips (1933) and Riddell (1936) have studied the visual fields by means of flicker from the point of view of the neurosurgeon and this work made it clear that C.F.F. might be depressed by lesions far removed from the retina and *Present address: Etherington Hall, Stuart Street, Kingston, Ontario, Canada. tClinical research fellow, M.R.C. the optic nerves. Teuber, Battersby, and Bender (1960) have used the method extensively in their work on visual field defects consequent upon penetrating missile wounds of the brain. Their chief interest was in flicker perimetry and a full summary of their work is given in their monograph (Teuber et al., 1960) . Miles (1951) has also described methods of testing the visual field by flicker vision.
Methods
The apparatus employed in this study resembles that devised by Mayer and Sherman (1938) who were probably the first to use a neon indicator lamp, which has the several advantages described by Miles (1950) . The apparatus consisted of a beat frequency oscillator, which delivered up to 250 v peak to peak through blocking capacitors to a Mazda type B neon lamp (rating 200-260 v). The oscillator frequency control was continuously variable and covered the range 5-50 c/s with 2700 rotation of the control knob. The output waveform was rectangular and was derived from a sine wave so that the on and off periods of each cycle were equal in duration.
The neon tube was mounted at the closed end of a black painted trapezoidal box so that its centre was 45 cm. from the eye. Two hinged metal shutters were used to block the vision in either eye. These shutters could be controlled from the outside of the box so that the testing of binocular and monocular performance could be accomplished without altering the position of the subject. The area of illumination within the bulb remained constant at 2 cm. width, providing a visual angle of close to 2.5°for the visual distance of 45 cm. Though intensity of illumnination was not repeatedly measured, the voltage of the oscillator output was frequently checked. The area of the stimulus, according to Hylkema's (1942) figures, was considered adequate to give optimum fusion frequency in the central area and to 'bridge' any but large steep-edged central scotomata that might be present.
The subjects were tested after lying or sitting quietly for 20 minutes to eliminate any possible impairment of performance by physical exertion. The test was performed in a quiet room. The ascending and descending figures for C.F.F. in cycles per second were measured alternately, and our usual procedure was to make three to five 'runs' with binocular vision and to repeat the procedure with each eye alone. Each run consisted of first ensuring that the subject perceived flicker at a low rate, Landis (1954) were necessarily not determined for each subject because of the need to keep the test a simple one without the complication of multiple factors. However, our figures for C.F.F. in normal subjects fall on the linear portion of the curve relating C.F.F. to intensity illustrated by this author.
Two series of subjects were studied concurrently. The first series of known cases of multiple sclerosis was composed of individuals who were mostly in-patients of the Department of Neurology and totalled 60 cases. The other series of controls was composed of 28 patients with disorders of the nervous system and two healthy workers in the Department. The diagnoses of the in-patients in this series included epilepsy, cervical spondylosis, hysteria, migraine, headache (investigation), cerebral tumour, poliomyelitis, polymyositis, polycythaemia vera, cerebral vascular disease, diabetic neuropathy, closed , 24. Critical Fusion Frequency -c.ps.
head injury, and lumbar disc lesion. They were unselected except for the deliberate exclusion of patients suffering from disease affecting vision. The ages of the individuals in the two groups were restricted to the range of 10 to 58 years inclusive. Both groups contained a number of subjects with normal acuity and a number with diminished acuity. In the controls the diminution was due to refractive error, in the multiple sclerosis group to refractive error or to the effects of the disease on the visual system. A proportion of the cases had standard visual fields plotted by one of us (A.F.T.) to confirm defects or scotomata suggested by the history or by the findings on clinical examination, and in general the visual acuity may be accepted as an approximate indication of the function of central vision. Examples of the relation between the visual field and abnormalities of C.F.F. are illustrated later in this paper.
Results
As manyotherworkers have found (Landis, 1954 ), it has not been possible to determine accurately a single numerical end-point for appearance and fusion of the flicker on descending and ascending scales respectively. The mean of ascending and descending values are therefore used in Fig. 1 Table I shows the relation between 59 cases of multiple sclerosis and 30 control subjects with normal and subnormal acuity in three categories of C.F.F., normal (29 c/s and over), reduced (25-28 c/s), and low (24 c/s and below). It should be noted that values for individual eyes are recorded in this table. The reason for considering values for single eyes is that in any one patient with multiple sclerosis the values for individual eyes may differ considerably, and it is therefore not possible to calculate a satisfactory mean figure for both eyes which could be used in comparisons with controls. This is in contrast to the statistical comparison described above where the problem was the differentiation between the findings in individual cases of multiple sclerosis and control subjects. Critical Flicker Fusion and Retrobulbar Neuritis.-The high incidence of depression of C.F.F. in multiple sclerosis and the association of this depression with disc pallor suggest that retrobulbar neuritis may be important in reducing critical flicker fusion. During the period covered by this study three of the cases of multiple sclerosis suffered an episode of retrobulbar neuritis. In one of these patients the C.F.F. fell from 34 5 c/s to 20 c/s, while the visual acuity was initially 6/6 and fell to 6/9. In the second patient C.F.F. fell from 28 c/s to 19 3 c/s and the acuity remained unchanged at 6/9. In the third patient, whose visual fields are illustrated in Figs. 2 and 3 (case R.W.), the C.F.F. was estimated eight days after the onset of retrobulbar neuritis and then two months later. During this period the C.F.F. rose from 17-5 c/s to 27 c/s, and the acuity from 6/9 to 6/5. These observations show a close relation between changes in C.F.F. and retrobulbar neuritis, the depression of C.F.F. in the third case becoming less with improvement in vision.
History of Visual Disturbance and Critical Flicker
Fusion.-When the presence or absence of a history of an episode suggestive of retrobulbar neuritis in the multiple sclerosis group is tabulated against C.F.F. in three categories, 29 c/s and over, 25-28 c/s, and 24 c/s and below, there is a definite trend in the figures. If it is conceded that a history of visual impairment in these cases reflects the incidence of retrobulbar neuritis these figures provide further confirmation of the association with depression of C.F.F. In those cases where there is no history of visual loss, the reduced values of C.F.F., i.e., 28 and below, found in 16 out of 31 cases suggests that there has been an episode or slow progression of retrobulbar neuritis in the past. In this connexion it is of interest that Gartner (1953) , in a necropsy study, observed that the incidence of histological changes in the retina and optic nerves was higher than might have been expected from the history given by the patients during life. It is also possible that lesions in other sites may contribute to the depression of C.F.F. in these patients, as suggested by the findings on examination of the visual fields. (Fig.4) suggest that small lesions in the optic tract may cause only limited disorder of the perceptual mechanism of C.F.F. (1) (A more comprehensive study of the relation between C.F.F. and the visual fields is in preparation by one of us.) Discussion There is no doubt that the groups of cases of multiple sclerosis and control subjects differ statistically to a highly significant degree. This applies particularly to those subjects with normal visual acuity. From the point of view of diagnosis it is important to set a lower limit to the normal range below which estimations may be considered abnormal with confidence. Fig. 1 The estimation of C.F.F. with this technique is simple, provided that precautions are taken to maintain uniformity of the conditions of the test. It appears clear from this series that retrobulbar neuritis is the main cause of depression of C.F.F. in multiple sclerosis but factors such as the effects of exertion, body temperature and ambient temperature, intercurrent infections, and smoking have not been studied. All these are known to cause subjective visual disturbance in patients with multiple sclerosis and they might be expected to influence critical flicker fusion.
While the comparisons made in this investigation have been made between control subjects and patients in whom the diagnosis of multiple sclerosis had been made with certainty on clinical grounds, it is suggested that the estimation of C.F.F. may be useful in displaying abnormality of visual function in patients with clinical symptoms and signs suggestive of multiple sclerosis but who give no definite history of retrobulbar neuritis.
The question of the relation between binocular and monocular values of C.F.F. is a complex one and requires further study. Both in controls and in cases of multiple sclerosis the binocular values are often slightly higher than the monocular values. Because depression of C.F.F. may be confined to one eye in the cases of multiple sclerosis and the chief interest of the study lay in the relation of C.F.F. to other tests of monocular vision, we have not considered the phenomenon of binocular improvement in this paper. It would also be of interest to measure the visual acuity by more accurate techniques (Walsh, 1957) and compare the results against C.F.F.
findings.
Summary A simple means of testing flicker fusion frequency is described. Results in 30 control subjects and in 60 patients with multiple sclerosis are presented. They indicate that multiple sclerosis is often assocated with depression of critical flicker fusion frequency in one or both eyes. The depression appears to be related to the occurrence of retrobulbar neuritis.
